L W <?(¢Eﬂ%>%ﬁﬁ

SCIENCE CHINA PRESS
CrossMark

& click for updates

8o (e A & T3 (R 0] L I HER s i = S ST
A, Figg

L ERREAH R A E MR ZS [RRL 22 G, RS 2% K I i 5 2 [ H R SRR =, AL 230026

2. hERFER R K E SR ER Y P E K B AR W TE 3, 524K 233500

* KA, E-mail: zefengli@ustc.edu.cn

2025-05-06 Wk, 2025-07-11 &7, 2025-09-04 H3Z, 2025-09-15 MLk 3
[ R S A & 31112022 YFC3005602) A1 A11#72030- 7 K35 H (2024ZD0300203) % B

RE WENZEAEMERETEHRBRE TENFEET T RANBEND. YHELR LM, BTEILE
FH S R AR M R B RN B AR R B T % R E AR, [ TR R i B R
UAHEER. AXERET —HAAIA LT E A W&o X Rl &Ry BERMER, A4 KXk
ot R U B HAT e s R, BRBRHBEARL RN B R E RNEZFELAEZEZA
330 kmBy =ANFEHOEET IR A = ANBROLETIED| £, RER GO MU EFE®E 8, AT FEEHMf ]
Bk BN FIEAT ZAEEREERFAAEAMEIDFLRLLAFATR. 2 EkETIHA ZF E0K
A R OL AT AR W S, DUAR (KA B () B AR A0 2 R B TA2 RZ Bt il E RN, R AR AR R EA 5

HUPR A 3L 77 ik e DUTT R B 38T 0 DX A g JR BRI, % 7 R B4R B R R B BT B RN O vk

Kkl oSO R E R, BRI, B, R

Wi 2R W . SR I — MR A . b
R T B — A TR A2 1, W2 M URUR T
R A DA OGRS R B, e
o A S I WV I ) S 3 (S R g IR i M 72 D 3
FREFY 75 Ty 132 B O TR RO, 2 XA T Y
bR P AR TR DO, HO AR e Bl 2 & AR
AR TR A2 BRI, 34 R AR AN
(s . DRI 1] P AEE A A 1 e P XSS TT 22
ORI MO E RS DRk, 2R 2 2 3t
RISt RS I TR E A 25 R AR U A T
A T2 30T 2 5 90 R e 2 9 7 XS ) B
ZERE, MR AT AR AT 2 SR AR HOCHEP IR

Mo A A e F RGN = fe W I B, 120k
LEE TSR ALE AR, RBOURRTE SRR . fRE
WS WSRO R R BIRE SR, RIRA T

W 2GR M A R B, SR T4 18 A b o i) A FE st 2
11, H.5 Z W/ NBr 2 A 2 8 MR H W2, Rl
T DI AR AR B A 2, MELAEA T 4 T 1) 1l
JRA, X IR, MR A N T . AR
VARG, MR IC SRS RS 1) = HE bR KR
A LU BRI 2 A Al R AR AR S0 RS O
KR, BHEA R &, NEH TR EEE 4. 5 —Fh
25 MBS X Al I 1004 o P i 2 A i
FHIZMRUE 2 (B2 MG A 5 BERAR, XFWTZ AR
RIS, FESERRBZHRIN R H.

WA, A ROELF R 9% 1% (distributed  acoustic
sensing, DAS)TE M ER Y HEL AN o T RE 0 &k V. i%
FARTT LUK T 38045 P 465 v © A 103538 G 2F 5 A8 Ry %
AR AR B AR R AR R, LA 2 AR R AR B0
TR 1 UL 3 AT 8 A T 20 ok 2 5 80k 5 A 7

0624

SIS EAEPT, 2. T 00 A1 sOGET YR 3 2 I Il L AR JER 723 DR R . 3 41
Hu M, Li Z. Rapid fault detection in terrestrial and submarine environments with fiber-optic sensing (in Chinese). Chin Sci Bull, doi: 10.1360/CSB-2025-

© 2025 (PIERFE) Atk

www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/CSB-2025-0624&domain=pdf&date_stamp=2025-9-18
emailto:zefengli@ustc.edu.cn
https://doi.org/10.1360/CSB-2025-0624
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/CSB-2025-0624
https://doi.org/10.1360/CSB-2025-0624

N I

ARSEPRIE RS, ELIT 45 I S BT 98 R Wk
RN B TR e R O SR A ORI IR O R, A
DASEIHE H Y T 18 B FAR L )46 3l mT RE LR 51
b 20, T A S, DASHYZS [ HE R A AR 4 AT L
OSSR RA L DRE T A T EO, i e L
FEG M2 A WS, T, Lindsey%: AP, Spica
AP LigE AP Bao%: NP FIXia0%E N PR MADAS
) b 0 i v P L ORI 1) T T2 U (1 1 () I
S W2 AR B #2320 A, ChengZ APOIFI 7Y
S TR, XFEUR 9 Scholte I 1 7 WS 1 1%
25T Montery S iR IS W2 A1 B DURR I & At-
terholtZ A27 1 YangZ: A 28173 511 2% F S A% B ik Ay
NP T, I HIRidgecresti X DASIE I P30 7
1) 1) T I FIAAR I 7 A A T U2 B U 2 PR T )2 A A
BHOEBESMAIUIES SR, RMIAE Ry
PR TR DASEIE AR AT R 24 O BR AL B, 3
FRANZE B = A & FO T AR, 3 T R A S R A
22, MELIR T I [ r 253 A

BT AR R AR Z W 5T A [FID AS 451 Hp J [R] L
B NI 2B, ASSCEE T — a4 W
JE B IR i, 3 i [ O R R S 4 A B
WM (). FRATH 207 20 27 =i b X 35
= AR X IR A A JFDASEES (F2 1), a5 E %y
JEBAEIE B S T R P A AT SR, FRATAERId-
gecrestFI 1 HE S Garlock 2 D ASFES K 11205
P SR R A OC RN s C SR E . A,
BATHE T ARAEXE LU b SR 2 DX 3l 17 )2
DA FE RIS T 8 0 T2 B T2 46 T 1) g FH i 55

1 B ik

AHIFFE A 61 HL X 9D A S 51 48 FH B0 AT ()38
{EICHNE G IRES, I BRI AR, MCE
BMSEANRIIIR. TR B 4 2 ] i 5
Fa L R . GBI U SRR B X, AT
TR B M T R TR AL BE: SR LML bR T
Ridgecrestdb D ASEHE 4 1 Qe M 75 2900, i}
RidgecrestFgMIDAS, #R#E /AT EE AR s, FAHLD
1A 2 KT 50 mAb (R B2 LA B 35 e 48 455 55)
WrFF(1512). % HA S ER S AU Ak B, 2 )5, 3R
DRI B B SR FH 56 42 A [R) et A P s 7.

X FDASEHE, WOLSERRZ IS 0 B AR 1 B4k
PLE. 2ORLF iy, DASAHER(EIE 765 brth B 25 (] v

2

PR B2 B (b P [A] ) 25 /N T 7 A <8 3 25 i 1) D' i
B 2O FE R RE o P B R HE). W TR 4
FY, Y805 2 m b B 3Rk >, IR ol
4. AT AERME FE . Bl BRI
i, M EHAER AL E A A (] L0, /N T
HeEFIA R, SRR 1 CEF (R R 12 () SRR, BRI
PR FE LUCT SC iU IR S i .
TR EET L A R T SO P (R R R4 AT (1) ],
FRATTHE XS 7 ARG TE, (T 42 (5 18 1 Hh P
[E1}EEE 23 iy e S 1= [ i I P S g s d N 1 S o TS
FIDASTHFIE AR, TR H T —FhshZS MR, s
DASHE LG ABE#: T HEFHNGEE, HRRFEHE
SRR SN IV ER & S iy Stz 1 11 EI A K g a1 B BT | ST
555238 (R FE 0 4 RHE R 22 Ak B BS e/ ME. AR
REER, HAR X DASR S FHH TG
i, TP IX IDAS R G o/ s ALl (HiE. H
L E G A8 0 B D R (AN ' 8 B A R ) 7 A A R AT
e FEOCEM HEE, HIFABIADASAE I FEPE.
X T sefid, ] DS R R AL (INDASPy N
BEP ISR DT A SR, R B A

VEFHAFIBRARIE S, Frf SR PRkt ds
ALK I F1~20 Hzix — MY A H iR (5 5
WAL . BT DASHYAR [RGB A E AN A 1 2 IR ek
AR B RO AN S A5, R —F I EAR R IE
ICSEAIRIE 22 F AT REAR K. I BRI AR I 2 18] 28 1k
RS2, FRATTGH AR 8 A P N H Z-score bR AL
(El1(a)). R TIRATHEHE IS bR BRI FHAMA S (R ER
RO, FRATIeE AR - R (FRO) DS B 1 708 2
FEVininVimax FTEFE (ET1(D)),  HFEAEVimin F1Vimax S50 m/siiE
FBI N AT X AR, LAV DFKIEI = A BT, vinin P
Vimax A BRI B AT B A S KB ER
FRIE -5 Mk A o i PO R R_ A a2, (|
BT . St BB, WZ B R
FHEE(E1(0)).

Atterholt% A\ P7R F Y S 3805 7 153 F X LM
W (1) B—DASTEIEHS T BEAF LT 7E ARG R, B
TS WE A s AR W B AR, (2) BUHTE =AU
— 5 T ] PR A 4% — 2 B S B N IR LS (3)
% L 5 VR 22 WIS 0 A I kg i g 12028 AL,
IR i BN R, A R0 ) — 4 el AR Y
I 2 SR RS L N R R B . AR T At-
terholt5E ARy 73, it 1T bRk . o 3E FH A% el It



30000

g

R

fault scatter|

20000

10000

-0.04 -0.02 0.00 0.02 0.04
Wavenumber (m~1)

20 1.00

25 &
075

30
(€)°
0.50
F0.25
£
o
C k7
el
£ Fo.00 §
= ©
£
20 2
F—-0.25
25
30 -0.50
(e)
29,
| =
8
£ 1.0+ -0.75
(2]
£
% 0.5 A
O
@ 0.0 1 g ) - : = -1.00
0 2 4 6 8 2.0 2:1 22 23 24
Distance (km) Distance (km)

Bl 1 (MR t)Ridgecrest DASTC TN & W Z UL HIM2.9S M I Y. KA I I IR AR, (a) SEFHSFMIBEASIE HM2.95 M DASIE I,
CEBRIIENE | L% AR, BRI E1~20 HZHMSARENL, BOBLMRER T =40 B B2 8 (b) (@) P EIEMFKEH
FKUE T )35 F (200~700 nv/s); () FKIEHE SR BTY, 41 6 R LA ()R 6 19 PO FTE (d) SO BalIRe, 20 @ s o EiE, Bamh®
7N T LIS B OB RN, (€) FHIZ MR S PRI U 20 B TR e it B 2 8] 3 A

Figure 1 (Color online) Waveforms of an M2.95 earthquake with fault scattering waves recorded by Ridgecrest DAS array and the scatter source
localization procedure. (a) DAS waveforms of the M2.95 earthquake from equally-spaced channels, processed with despiking, detrending, cosine
tapering, 1-20 Hz bandpass filtering, and normalization. Three prominent fault-scattered waves are marked by black dashed ellipses. (b) FK spectrum of
the waveform in (a) and the velocity range (200-700 m/s) used for FK filtering. (c) Waveform after FK filtering. The red dashed line indicates the
central channel of the window shown in (d). (d) Scattering source localization window. The red dashed line indicates the central channel, and the black
arrow shows the slant stacking of waveforms on both sides at the assumed wave velocity. (e) Spatial distribution of the scattering wave intensity
obtained from this earthquake
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Table 1 Study regions, DAS parameters, and event information
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Figure 2 (Color online) Fault detection of north and south DAS arrays in Ridgecrest. The color of the fiber arrays indicates the significance (*MAD)
of the scattered intensity detected by the algorithm. The red, orange and black dashed-dotted lines denote faults from the USGS Quaternary Fault
Database, with constraint levels classified “well constained”, “moderately constrained” and “inferred”, respectively. The blue and red circles indicate
earthquakes used for fault detection by north and south DAS arrays, with circle size representing their magnitudes; the blue star marks the example
earthquake shown in Figure 1 peaks A-E in scattering intensity correspond to five locations where the DAS arrays intersect faults
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Figure 3 (Color online) The scattering wave intensity of the Garlock fault detected with earthquakes, correlograms and active sources. (a) Distribution
of scattering significance of the Garlock fault obtained from earthquakes. (b) Distribution of scattering significance of the Garlock fault obtained from
ambient noise correlograms, with green line segment at the top indicating positions of 160 virtual sources. (c¢) Distribution of scattering significance of
the Garlock fault obtained from correlograms of the 85 southern virtual sources (brown line segment at the top) and 75 north virtual sources (blue line
segment at the top), respectively. (d) Scattering significance of the Garlock fault obtained from active source records, with pink line segment at the top

indicating position of 140 active sources. For each active source shot gather, only the data within 300 meters of offset (total 600 m) is publicly available
in dataset
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Figure 4 (Color online) Fault detection in Arcata Bay and Long Valley with DAS. (a) Fault detection of the DAS array in the Arcata Bay. The color of
the fiber arrays indicates the significance (*MAD) of the scattered intensity detected by the algorithm. The red, orange and black dashed-dotted lines
denote faults from the USGS Quaternary Fault Database, with constraint levels classified “well constained”, “moderately constrained” and “inferred”,
respectively. Peaks A—C in scattering intensity correspond to three known faults, while peak X shows no fault association. Faults o and B exhibit no
significant scattering energy. In the inset map, the blue line represents the DAS array, and the red circles denote 10 located earthquakes used for fault
detection, with circle sizes indicating magnitudes. Additional 11 earthquakes with unknown locations are used but not plotted. (b) Fault detection of the
north and south DAS arrays in Long Valley. The color of the fiber arrays indicates the significance (*MAD) of the scattered intensity detected by the
algorithm. The red, orange and black dashed-dotted lines denote faults from the USGS Quaternary Fault Database, with constraint levels classified “well
constained”, “moderately constrained” and “inferred”, respectively. Fiber segments A and B show high scattering intensity, corresponding to zones
where the two DAS arrays intersect numerous minor faults. In the inset map, the green and blue lines represent the south and north DAS arrays, and the
red circles denote 3 earthquakes used for fault detection, with circle sizes indicating magnitudes. LVC denotes the Long Valley Caldera
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Figure 5 (Color online) Fault detection in Monterey Bay with DAS. The color of the fiber arrays indicates the significance (*MAD) of the scattered
intensity detected by the algorithm. The red lines represent faults identified by the CSMP. Peak A in scattering intensity corresponds to a known fault,
while B indicates three scattering intensity peaks associated with a known fault zone. X and Y mark several continuous scattering intensity peaks that
correspond to uncataloged faults or paleochannels. In the inset map, the blue line shows the DAS array, and the red circles represent the earthquakes

used for fault detection, with circle size indicating its magnitude
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Figure 6 (Color online) Fault detection in Cook Inlet and Valéncia with DAS. (a) Fault detection of the DAS array at Cook Inlet. The color of the fiber
arrays indicates the significance (*MAD) of the scattered intensity detected by the algorithm. The red line indicates the Border Ranges fault from the
USGS Alaska Fault Map, classified with ‘certain’ confidence level. Peaks A, A’, B, B in scattering intensity potentially correspond to two uncatalogued
faults. In the inset map, the blue line represents the DAS array, and the red circles denote earthquakes used for fault detection, with circle sizes indicating
magnitudes. (b) Fault detection of the DAS array in Valéncia. The color of the fiber arrays indicates the significance (*MAD) of the scattered intensity
detected by the algorithm. The orange lines represent faults cataloged in the QAFI database with ‘approximate’ evidence level, where peaks A-D in
scattering likely correspond to unmapped minor faults. In the inset map, the blue line represents the DAS array, and the red circles denote earthquakes
used for fault detection
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Rapid fault detection in terrestrial and submarine
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The spatial distribution of faults provides a critical basis for seismic hazard assessment, since the presence of faults directly
reflects potential earthquake sources. Infrastructure and buildings located above or near active faults face heightened
seismic risks, including severe structural damage from both static fault displacement and amplified ground shaking.
Accurate and efficient fault detection is therefore an indispensable step for seismic hazard mitigation and for guiding civil
engineering design. Conventional geological surveys, while effective, are often labor-intensive, time-consuming, and
limited in urban or offshore environments. Seismic reflection imaging and tomography methods provide high-resolution
subsurface characterization but are costly and difficult to implement at large scale. Consequently, there is a critical need for
alternative approaches that are rapid, low-cost, and broadly applicable in both terrestrial and submarine settings.

In this study, we propose a general framework for rapid fault detection using distributed acoustic sensing (DAS) on
existing fiber-optic communication networks. DAS technology transforms standard telecommunication cables into dense
seismic arrays capable of recording ground motion with meter-scale spatial sampling. Its high sensitivity to scattered
seismic waves from faults makes it uniquely suited for large-scale fault mapping. Building on this advantage, we design a
scatter source localization algorithm that automatically identifies fault-related scattering by backtracking seismic energy.
The method requires minimal assumptions and simple preprocessing, making it computationally efficient and highly
portable across different datasets.

We tested this approach on six publicly available DAS arrays, including three on land (Ridgecrest, Arcata Bay, and Long
Valley) and three offshore (Monterey Bay, Cook Inlet, and Valéncia). The combined length of these arrays exceeds 330 km,
covering diverse tectonic and environmental settings. In Ridgecrest, California, the method successfully identified five
fault segments intersecting the DAS arrays, consistent with the U.S. Geological Survey Quaternary Fault Database. At
Arcata Bay and Long Valley, the algorithm detected both well-mapped faults and clusters of small faults, demonstrating its
ability to resolve distributed fault networks. In Monterey Bay, the method identified not only cataloged submarine faults
but also uncataloged fault zones, in agreement with earlier high-resolution marine geophysical studies. Applications in
Cook Inlet and Valéncia further highlighted its potential to detect previously unmapped structures in regions where existing
fault databases are sparse.

Beyond natural earthquakes, we also tested the framework using ambient noise correlograms and active source records.
In the Ridgecrest region, the method yielded consistent results across three independent datasets—earthquake records,
ambient noise correlations, and controlled active sources—confirming its robustness and versatility. Even with a small
number of events, significant scattering anomalies corresponding to fault locations were reliably detected, underscoring the
efficiency of the approach. The algorithm achieved high computational performance, requiring only seconds per event on a
standard workstation, which makes it suitable for near-real-time or large-scale applications.

Overall, our results demonstrate that DAS-based scatter source localization enables accurate, rapid, and low-cost fault
detection at an engineering scale. The method provides reliable constraints on fault positions across varied geological
settings, including urban areas where surface investigations are restricted and submarine environments where conventional
surveys are expensive or impractical. By leveraging existing fiber-optic communication infrastructure, this framework
minimizes both economic and temporal costs while extending fault detection capabilities to regions that are otherwise
inaccessible.

This study demonstrates the potential of DAS to complement and, in certain contexts, substitute traditional geophysical
methods for seismic hazard assessment. With expanding urbanization and offshore infrastructure, DAS-based fault
detection provides an efficient tool for fault mapping and site assessment, and is expected to play an important role in future
large-scale fault surveys and infrastructure siting.

distributed acoustic sensing, fault detection, scatter waves, migration
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